. Occupational lead exposure and blood pressure. 1996; 25: 791-796. Background. To assess the relation between occupational lead exposure and elevated blood pressure with consideration of a possible confounding effect by noise exposure. Materials and Method. Some 112 male and 110 female workers at two lead battery manufacturing factories were recruited for this 1992 study In Taiwan. Study participants received regular physical examinations, including standard measurement of blood pressure, body height/weight. Current occupational exposures to lead and noise were measured by a personal sampling scheme and Instruments, and Included individual ambient lead/noise exposure and blood lead level.
Lead exposure is an environmental threat to both industrial workers and the general population. The adverse effects of lead exposure on the neurological, endocrinological, haematological, and reproductive systems have been well established and have resulted in preventive measures being implemented by both government agencies and industry. 1 " 3 In the past 10 years, the effect of lead on cardiovascular function has received increasing attention. 4 "" Nephropathy or nephrotoxicity induced by lead is the most common mechanism underlying this proposed lead-induced elevation of blood pressure.
12 - 13 Other possible mechanisms for this association include the direct effects of lead on vascular smooth muscle or on the central/ peripheral nervous system. 12>l4 In addition, animal studies suggest that lead may chronically affect the renin-angiotensin system, possibly via neurogenic mediators, and contribute to possible abnormal vascular function. 1214 ' 13 Although numerous plausible biological pathways support a causal relation between blood lead and elevations in blood pressure, epidemiological results remain inconclusive (reviewed in l2 ), even in occupational settings where workers using lead are exposed to high ambient lead levels. 16 " 21 It is generally agreed that various industrial stress factors for blood pressure may interact with each other to produce a combined effect on blood pressure. 16 Therefore, the difference in findings between various studies on blood pressure among lead-exposed workers may stem from the failure to take these potential stressors into consideration. Among various stressors in the workplace, noise exposure is by no means the most importanL 17 Given that noise has been accepted as displaying an independent effect on blood pressure, noise exposure should be considered as a cardiovascular stressor.
However, most of the published epidemiological studies do not consider this, perhaps obscuring any association between blood pressure and lead exposure.
We therefore examined the relation between blood lead levels, ambient lead concentration, noise exposure, and blood pressure in workers at two lead battery manufacturing factories.
MATERIALS AND METHODS
This cross-sectional study was conducted in 1992 at two lead battery manufacturing factories in central Taiwan. We measured blood lead levels, ambient lead concentrations, and noise exposure levels of workers including clerical and managerial staff. A total of 339 workers including 177 men and 165 women were enrolled. Among them, 120 workers were excluded because they had been either working in a lead-exposed factory for <6 months (69 workers), were suffering from auditory diseases (8 workers), receiving medication for various illnesses (19 workers), were absent or on leave when our field survey was carried out (9 workers), or entirely lacked environmental measurements of lead or noise exposure (15 workers). As a result, 222 workers (112 men and 110 women) were recruited as study subjects. None used any ear or respiratory protection devices.
A public health nurse measured the blood pressures of study participants from the right arm while the subject was in a sitting position. Three measurements were taken at 5-minute intervals after the subjects had rested for 20 minutes. A standard mercury sphygmomanometer with a random zero device was used for all measurements. The pressures at the first and fifth Korotkoff sounds were recorded as systolic and diastolic blood pressures, respectively. The average of three readings was used in data analysis.
All measurements of body weight and height were performed by a second nurse, and body mass index was calculated as weight (kg)/height (m 2 ). Information on sociodemographic characteristics, disease history, alcohol consumption, cigarette smoking and occupational history was obtained by a structured questionnaire.
Blood specimens for lead measurement were drawn into a 10-ml polypropylene tube with sodium heparin as anti-coagulant and stored at -20°C until assayed. Samples for ambient lead concentration were collected with mixed cellulose ester filters by SKC-224 personal air sampling devices. Blood lead level and ambient lead concentration were determined using a furnace atomic absorption spectrophotometer (Perkin Elmer 5100 AAS, HGA-600, AS-60) and professional computer (Perkin Elmer 7700). Considering the non-random distribution of ambient lead concentration, the logarithmic value of ambient lead concentration was used as an index of environmental lead exposure. Quality control procedures were included in the daily routine. Because there is no obvious relevant time frame for the proposed effect of lead on blood pressure change, and there are no confirmed data to support whether a lead-induced effect on blood pressure is acute, chronic or reversible, this study employed the years of working in the lead battery manufacturing factory to serve as a marker of long-term lead exposure.
Individual 8-hour noise exposure was measured using a data logger (RION NB-13A), which was clamped onto the collar of individual workers' clothes, and a data processor (SV-13K). The position of the microphone was near the ear to estimate noise exposure during working time. Noise data loggers were checked and noise exposure was calculated by an industrial hygienist using a microprocessor (RION NC-72) according to the manufacturer's instructions. The noise measurements were all performed by the same industrial hygienist on working days.
Statistical analyses were performed using the Statistical Analysis System (SAS), version 6.03. Multiple linear regression was used to evaluate individual effects of age, sex, body mass index (BMI), ambient lead concentration, and noise exposure level on both systolic and diastolic blood pressure. On the basis of current regulatory standards and possible biological effects, the blood lead levels were categorized into four groups (very high, high, medium, and low) at cutoffs of 60 ug/ dl, 40 ug/dl and 25 ug/dl. In order to avoid unnecessary assumption of linearity, a set of dummy variables defining different levels of blood lead were employed to evaluate the possible effect on blood pressure. A P-value of 0.05 was considered statistically significant.
RESULTS
Demographic characteristics, occupational exposure, BMI, and blood pressure of the subjects are shown in Table 1 . Among the 222 battery-factory workers, the average blood lead level was 56.9 ± 25.5 ug/dl (mean ± standard deviation), the average concentration of ambient lead exposure was 0.190 ± 0.331 mg/m 3 , average noise exposure was 85.9 ± 5.7 dBA, average systolic blood pressure was 125.2 ± 14.9 mmHg, average diastolic pressure was 80.2 ± 10.9 mmHg, and average mean arterial pressure was 95.2 ± 11.1 mmHg. The frequency distribution of blood lead levels of <25 Hg/dl, 25-40 |ig/dl, 41-60 ug/dl, and >60 u.g/dl were 16, 58, 63, and 85 respectively, and were divided into four categories (very high, high, medium, low). It is noticeable that the blood lead level of more than onethird of the workers was in the category >60 (ig/dl, which might imply the presence of lead poisoning. Except for BMI, all measured characteristics of men were higher than those of women. The correlation between ambient lead concentration and blood lead level was found to be very high (P < 0.001, regression coefficient = 29.7 ng/dl per mg/m 3 of ambient lead concentration).
To primarily examine the association between blood lead exposure and blood pressure, the blood pressure of workers of both sexes in different blood lead categories were compared ( Table 2 ). The results did not reveal any significantly increasing trends in blood pressures among workers with elevated blood lead. In the regression analysis model, all known blood pressure determinants (including sex, age and BMI) were simultaneously considered, and a dummy coding strategy was used to define different levels of blood lead exposure. This association remained statistically insignificant (Table 3) . Even in the workers with the highest blood level (>60 Lig/dl), their blood pressure showed no difference as compared to workers with normal blood lead level (<25 Hg/dl). However, it is interesting to consistently observe a statistically significant and positive association between longer years of working in a battery factory and both elevated systolic blood pressure and elevated diastolic blood pressure (P < 0.05). Finally, neither noise exposure nor ambient lead concentration demonstrated a significant relationship with both systolic and diastolic blood pressure.
DISCUSSION
The present study investigates the effects of both blood lead and noise exposure on blood pressure change among lead-exposed workers from two lead battery manufacturing factories with a high prevalence of exposure to these two risk factors. Important methodological issues regarding this study of lead and blood pressure should be addressed. The most common shortcomings in previous studies have been the noncomparability between study subjects in exposed and non-exposed groups. For lead battery manufacturing workers we could find no suitable counterparts to serve as reference subjects. In particular their demographic variables, such as socioeconomic status and education, their working conditions, e.g. a special protection regulation for female lead-using workers, their exposures to sulphuric acid mist and higher ambient temperature, and working posture were unique. To increase the degree of comparability, we restricted our study subjects to lead battery manufacturing workers and conducted an 'internal comparison'. By not including a reference group in the present study, the degree of comparability is considered to be improved.
The other common drawback of previous blood lead/blood pressure studies is that the possible effects due to noise exposure have not been accounted for. It has been widely agreed that noise can affect cardiovascular function, and that noise exposure is able to trigger blood pressure elevation. 22 " 24 Therefore, this important risk factor should be considered. In addition, this study of noise effects on blood pressure incorporated a personal noise dose in a manner not often seen in environmental epidemiological studies. 25 Only environmental noise was measured. Our limitation was that we were unable to consider all the factors related to blood pressure variation. These other unconsidered factors may include individual differences in the response to environment or emotional change during blood pressure measurement.
The use of blood lead, as opposed to some measure of exposure external to the body (e.g. ambient lead concentration), is a major strength of this study of lead and blood pressure. On the other hand, blood lead level may fluctuate from time to time. It has been suggested that blood lead levels represent the experience of short-term (about 3-5 months) exposure. 26 -27 However, for an epidemiological study such as this, it is impractical (or sometimes impossible) to perform repeated measurements for all study members. To overcome such a limitation, we only included workers who had worked for >6 months in our study. When constantly exposed to external (ambient) lead, the lead distribution in the human body reaches a state of equilibrium, 10% in the blood and 90% in the bone. Therefore, our inclusion criteria for study subjects excluded workers who might have had an unstable blood lead level and ensured that the blood lead levels measured and presented in this study were a stable marker of the internal dose, which could persistently affect blood pressure change.
In the present study we applied a standardized method to measure blood pressure, thus reducing the possibility of measurement error. Because there is no clinical or pathophysiological evidence to support a threshold value for blood pressure distinguishing hypertensive from individuals with normal blood pressure, we considered blood pressure as a continuous variable instead of a dichotomous one. However, blood pressure is subject to variation, and the major limitation of the present study is that blood pressure was based on a single measurement.
It is possible that lead-exposed workers might quit their jobs at lead battery factories when they suffered from lead-related ailments or renal disorders. Workers remaining at work might thus be more healthy, 28 and demonstrate normal blood pressure.
In this study, we made improvements in methodology over previous investigations. After adjustment for various confounding variables, including noise exposure, no significant association was found between current short-term lead exposure, indicated by blood lead level, and blood pressure. However, long-term occupational exposure, measured by working history, showed a positive effect on blood pressure. Because a longer history of working in a lead battery manufacturing factory may be a marker of an extended period of lead exposure as well as other workplace exposures, further study will be conducted to define the effect of long-term lead exposure on blood pressure change. On the other hand, if the hypothesized blood lead/blood pressure association does exist, a stronger relationship should be observed in our study, because our study subjects were exposed to a higher level of lead and displayed a higher than average level of blood lead than those in most previous studies.
One of the most plausible explanations for the discrepancy among studies was the levelling off of blood pressure at higher blood lead levels. 1 Large initial increments in blood pressure are apt to occur at relatively low blood lead levels. 5 - 10 '" As suggested, this might explain why a blood pressure effect was not observed in a lead-exposed worker population. Other explanations include the sample size and study power of individual studies, and whether other determinants of blood pressure were considered and controlled.
The present study suggests that short-term lead exposure was not related to blood pressure change among workers who had been exposed to occupational lead. These results are able to add more information to the body of evidence indicating that blood lead exposure does not adversely affect blood pressure. Finally, because the levels of noise and lead exposure observed in our study subjects were exceedingly high, we have initiated a specific programme 29 of hearing conservation and blood lead surveillance in Taiwan to monitor or prevent further exposure.
